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(71) We, Hurletron Altair, a cor- 
poration organised and existing under the 
laws of the State of Illinois, United States 
of America, of 1938 East Fairchild Street, 
5 Danville, State of Illinois 61832, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be par- 

10 ticularly described in and by the following 
statement : — 

This invention relates to a register control 
system and method, and particularly to 
optical scanner assemblies for cooperating 

15 with marks on a moving web for the pur- 
pose of determining the register condition 
of the web relative to a given station. 

It is an object of the present invention to 
provide an optical scanner assembly which 

20 greatly facilitates the setup of a register con- 
trol system. 

It is another object of the invention to 
provide an optical scanner assembly of im- 
proved resolution. 

25 A further particular object of the present 
invention is to provide a scanner assembly 
for register control systems which is essen- 
tially universally adaptable to varying re- 
quirements, thus avoiding the need for ex- 

30 tensive and time-consuming optical design 
with respect to individual installations. 

A further important object of the inven- 
tion is to provide a novel work station in a 
register control system including an optical 

35 scanner assembly and operable for closed 
loop adjustment to a lateral register con- 
dition. 

Another related object is to provide such 
a register control system wherein lateral ad- 
40 justment at each successive station is re- 
latively independent of the lateral registra- 
tion control at preceding stations. 

The invention will hereinafter be further 
described with reference to the accompany- 
45 ing drawings in which : 



Fig. 1 is a diagrammatic view illustrating 
a path of a web in a printing apparatus, and 
indicating optical scanner assemblies mech- 
anically coupled with a laterally shiftable 
printing cylinder of a printing station for 50 
joint lateral adjustment to maintain a lateral 
register condition; 

Fig. 2 is a diagrammatic fragmentary view 
illustrating certain preferred details with re- 
spect to a printing station such as indicated 55 
in Fig. 1 the thickness dimension of the 
optical apertures being greatly exaggerated; 

Fig. 3 is a diagrammatic perspective view 
illustrating, a dual scanner arrangement 
which is relatively universally adaptable, for 60 
example , to the lateral and longitudinal 
register applications illustrated in Fig. 1; 

Fig. 4 is a somewhat diagrammatic frag- 
mentary view illustrating, details of a later- 
ally shiftable optical scanner assembly for 65 
the printing station of Fig. 1; 

Fig. 5 is a somewhat diagrammatic frag- 
mentary view showing details of adjustable 
rigidifying elements for fixing the scanner 
optical apertures relative to the web path, 70 
and applicable to the laterally shiftable dual 
scanner of Figs. 1—4; 

Fig. 6 is a somewhat diagrammatic trans- 
verse sectional view taken generally along 
the line VI— VI of Fig. 5; and * 75 

Fig. 7 is a somewhat diagrammatic trans- 
verse sectional view taken generally along 
the line VII— VII of Fig. 5. 

In Fig. 1, a web is indicated at 10 having 
a direction of movement as indicated by 80 
arrow 11 and a path of travel extending 
successively past an idler roller 12 and a 
printing cylinder 14. With respect to the 
idler roller 12, there is illustrated a mount- 
ing bar 16 which may be fixedly secured with 85 
the framework of the printing apparatus. 
Slidably mounted on the bar 16 is a scanner 
mounting sleeve 18 which serves as a car- 
riage for supporting scanner elements such 
as diagrammatically indicated at 20 which 90 
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may be adjustably mounted relative to the 
carriage 18 but are adapted to be securely 
fixedly relative thereto during a web scan- 
ning operation. 
5 It is previously known that a printing 
cylinder may be adjusted longitudinally of 
its axis by means of a manual side lay adjust- 
ment, but in accordance with the present 
invention a suitable servo motor 22 is mech- 
10 anically coupled as indicated at 24 with the 
sidelay adjustment mechanism for bearing 26 
of the printing cylinder. The arrangement is 
such that carriage 18 will be adjusted axially 
in synchronism with the printing cylinder 14, 
15 and by way of example a mechanical coup- 
ling is indicated at 30 for coupling the motor 
22 with carriage 18 so that the carriage 18 is 
driven in step with the printing cylinder 14 
during any longitudinal adjustment thereof 
20 relative to the path of the web in establish- 
ing a lateral register condition at the print- 
ing station. 

Referring to Fig. 2, there is illustrated in 
a diagrammatic plan view portions of the 
25 printing station of Fig. 1 and illustrating the 
lateral adjustment of printing cylinder 14 
by means of a double arrow 42 and a cor- 
responding lateral adjustment of carnage 18 
by means of a double arrow 44. As diagram- 
30 matically indicated at 46 suitable bushings 
may be interposed between carriage 18 and 
fixed bar 16 permitting the desired axial ad- 
justment of sleeve 18 along with printing 
cylinder 14. By way of example the power 
35 train from motor 22 may be such as to 
move the printing cylinder 14 and the car- 
riage 18 at a rate of 1.23 inches per minute, 
with a total range of travel of 1.5 inches. 
Referring to Fig. 3, a scanner box 45 is 
40 diagrammatically indicated for fixed attach- 
ment to the carriage 18 at any desired posi- 
tion therealong. Associated with the box 45 
are scanner elements 20 and 46. The optical 
apertures 50 and 51 are to be fixedly dis- 
45 posed at a precise critical distance such as 
| inch from the web. By way of example 
the diagrammatically indicated rectangular 
apertures 50 and 51 may have width dimen- 
sions of about 19 millimeters and thickness 
50 dimensions of about one millimeter. Thus, 
the apertures 50 and 51 as shown in Fig. 2 
essentially correspond in thickness dimension 
to the thickness dimensions of the series of 
marks on the web 10 such as indicated at 61, 
55 62, 63 and 64. As diagrammatically in- 
dicated in Fig. 3, box 45 may include a suit- 
able light source 70 for supplying light to 
branches 7 1 and 72 of respective fiber optical 
conduits 73 and 74. The optical fibers of 
60 branches 71 and 72 are randomly intermixed 
with the fibers of return branches 77 and 78 
which supply return light to respective photo- 
cells diagrammatically indicated at 81 and 
82. By way of example the individual optical 



fibers providing the respective individual 65 
light paths from the light receiving inlets of 
branches 71 and 72 to apertures 50 and 51, 
and those providing the respective light paths 
receiving reflected light at apertures 50 and 
51 and extending to the light emitting outlets 70 
of branches 77 and 78 may all have the same 
length and may each have a diameter of 
0.003 inch. By the use of relatively fine 
cross-section optical fibers, it is entirely feas- 
ible to implement the branches 71 and 72 75 
and 77 and 78 with a circular optical cross- 
section, and yet to furnish light uniformly 
to the rectangular optical apertures 50 and 
51 and to receive reflected light uniformly 
over the aperture areas. Further, the con- 80 
duits 73 and 74 can be very flexible e.g. ac- 
commodating a bend radius of one inch so 
that the tight conduits are bendably and 
twistably adjustable relative to the scanner 
box 45 such that the apertures 50 and 51 85 
can be angularly, laterally and longitudin- 
ally adjusted to accommodate marks such 
as indicated at 61 — 64 of different locatiton 
and angular orientatiton on the web. By 
way of example, the optical apertures 50 and 90 
51 may be sufficiently thin so as to resolve 
marks having a clear space therebetween 
in the direction of web movement of only 
one millimeter. 

Where marks such as indicate at 61 and 95 
62 have been applied at a previous printing 
station, these marks will represent a desired 
lateral register condition for the printing to 
be carried out by printing cylinder 14. The 
phase difference of the optical pulses sup- 100 
plied to apertures 50 and 51 at a result of 
the different light reflective properties of 
marks such as 61 and 63 will then serve to 
indicate the degree of lateral register be- 
tween the printed web and the printing 105 
cylinder 14. For example, suitable micro- 
meter adjustments may be supplied for 
scanner elements 20 and 46, such that with 
the proper lateral register between' the web - 
10 and the printing cylinder 14, light pulses 110 
will be simultaneously transmitted to the 
optical apertures 50 and 51. If, then, the 
web should move in the leftward direction 
relative to cylinder 14 and apertures 50 and 
51 as viewed in Fig. 2, it will be seen that 115 
mark 61 will arrive at the aperture 50 sooner, 
and the leading phase of the optical pulse at 
aperture 50 can be utilized to actuate motor 
22 so as to cause printing cylinder 14 and 
optical apertures 50 and 51 to "follow" the 120 
lateral deviation of the web 10, that is motor 
22 would drive printing cylinder 14 and aper- 
tures 50 and 51 in a leftward direction as 
indicated by arrow 85 in Fig. 2. By laterally 
adjusting the printing cylinder 14 and the 125 
optical apertures 50 and 51, the web 10 need 
not be laterally adjusted at the printing 
station, and accordingly the problem of the 
lateral shifting of the web at one station, 
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affecting lateral register at succeeding 
stations is avoided. 

By way of example, light conduits such 
as indicated at 73 and 74, may exhibit a 

5 light loss of 10 percent per foot, so that the 
conduits 73 and 74 can have any convenient 
length such as two feet or more. 

An advantageous feature of the construc- 
tion is that the explosionproof box diagram- 

10 matically indicated at 45 in Figs. 1 and 3 
can be mounted at a convenient point re- 
mote from the web so that the box does not 
obstruct visual observation of the marks. 
Further, mechanical obstructions in the 

15 vicinity of the scanning location are readily 
avoided. Also, tedious and specialized cus- 
tom design of rigid optical paths to accom- 
modate a desired remote location of the 
scanner box 45 is unnecessary, and to the 

20 contrary the desired relative positions of two 
or more scanner elements from the same 
box can be readily and fully adjustable to 
adapt the design of the present invention to 
a wide range of applications. The use of 

25 flexible conduits such as indicated at 73 and 
74 facilitates observation of widely separate 
separated mark channels and even marks on 
different sides of the web, while retaining 
the scanner preamplifier electronics within 

30 a single scanner box as indicated at 45. 

Typical electronics for scanners such as 
indicated in Fig. 3 is found in our U.S. 
Patent No. 3,812,351 issued May 21, 1974. 
Fig. 4 illustrates exemplary details of a 

35 carriage 18 for mounting a scanner box such 
as indicated at 45 in Fig. 3 and for associa- 
tion with a printing station such as indicated 
in Fig. 2. In particular side frames of a 
gravure printing unit are indicated at 91 

40 and 92 to which are secured brackets 93 and 
94 carrying the mounting rod 16. A scanner 
beam mover arm 96 is shown as being rigidly 
connected with carriage 18, and the mech- 
anical coupling indicated at 30 in Fig. 2 is 

45 indicated as comprising a U- joint shaft 101 
for driving a mover screw 102. Arm 96 
carries a split nut 103 drivingly engaged 
with screw 102, so that rotation of shaft 101 
causes the desired axial movement of sleeve 

50 18 as indicated by arrow 44. 

Figs. 5, 6 and 7 illustrate further details of 
the scanner assembly which may be operable 
to control both lateral and longitudinal 
register of web 10 relative to printing cylin- 

55 der 14, the longitudinal web compensator 
being located in advance of idler roller 12. 
The scanner 51 may sense the phase of 
marks such as 63 and 64 relative to respec- 
tive detector signals from a position de- 

60 tector operating in synchronism with print- 
ing cylinder 14 as described in U.S. Patent 
No. 3,812,351 issued May 21, 1974. 

Referring to Fig. 5, scanner box 45 is 
shown as being provided with rider 110 hav- 

65 ing a position screw assembly 111 for en- 



gaging in a V-shaped notch 114 of carriage 
sleeve 18. The groove extends for the length 
of the sleeve 18, so that the box can be 
located at any desired point along the sleeve 
18. While riders 116 and 117 for conduits 70 
73 and 74 have been shown on opposite 
sides of the box 45, the riders 116 and 117 
may be on the same side if this is more con- 
venient in a given installation. Manually 
operated screw assemblies are indicated at 75 
119 and 120 for fixing the riders 116 and 
117 at any desired location along the length 
of the carriage 18. 

For rigidly positioning the respective ends 
of the light conduits 73 and 74 adjacent the 80 
path of the web 10, the riders 116 and 117 
are provided with rigidifying arms 121 and 
122 which are angularly adjustable relative 
to the riders 116 and 117. The arm 122 
carries an adjustment bracket 126 which pro- 85 
vides for micro -adjustment of the position 
of the optical aperture 51 longitudinally of 
the web by means of manipulation of ad- 
justment knob 127. Tubing such as in- 
dicated at 131 and 132 may open adjacent 90 
the optical apertures 50 and 51 for supply- 
ing purging air to the region of optical 
coupling of the conduits 73 and 74 with the 
web. As indicated at 134, the optitcal aper- 
tures may be adjusted to a relatively critical 95 
clearance distance relative to the web such 
as 1 inch. With the illustrated embodiment, 
the web may have a width of for example 70 
inches, and the scanner optitcal apertures 50 . 
and 51 may have a range of lateral adjust- 100 
ment from a spacing of J inch to a spacing 
of 36 inches, center line to center line, for 
example. In any selected lateral position 
and any desired angular orientatiton relative 
to the direction of movement of the web, the 105 
auxiliary rigidifying arms such as 121 and 
122 stably retain the optical apertures of 
the conduits 73 and 74 in scanning relation 
to the path of the marks of interest and in 
orientation corresponding to the orientation 110 
of the marks as indicated in Fig. 2. The 
micrometer adjustment assembly which is 
actuated by the knob 127 may provide a 
very fine screw thread type adjustment of 
the optical aperture 51 along the web path 115 
so as to adjust aperture 51 to receive a mark 
substantially simultaneously with aperture 50 
in the lateral register condition of the web. 
Control of motor 22 to maintain lateral 
register may utilize conventional register 120 
control circuitry such as indicated in U.S. 
Patent No. 3,624,359 issued November 30, 
1971, for example. 

WHAT WE CLAIM IS:— 125 
1. In a register control scanner assembly 
for sensing passage of marks on a web 
wherein liaht is transmitted to the path of 
the marks/and reflected light from the marks . 
is sensed by electric circuitry to produce elec- 130 
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trie scanner pulses for use in controlling 
register, the improvement characterized by 
a light conduit element having individual 
optical fibers randomly distributed between 

5 an incoming light bundle and an outgoing 
light bundle which are situated at an end of 
the element remote from the path of the 
marks, said optical fibers at the opposite end 
of the conduit element adjacent the path of 

10 the marks providing a cross-sectional con- 
figuration arranged to essentially match the 
geometry of a linear mark, and an auxiliary 
rigidifying arm connected with said opposite 
end of the conduit element adjacent the path 

15 of the marks for stably retaining said oppo- 
site end in scanning relation to the path of 
the marks and in an orientation correspond- 
ing to the orientation of the marks, said light 
conduit element being bendably and twist- 

20 ably adjustable relative to said end thereof 
remote from the path, of the marks so as to 
accommodate marks of different location 
and angular orientation while said end there- 
of remote from the path of the marks re- 

25 mains stationary. 

2. A register control scanner assembly 
according to claim 1, with said opposite 
end of said light conduit element having a 
cross-sectional configuration defining an 

30 optical aperture with a relatively large width 
dimension and a relatively small thickness 
dimension, the thickness dimension being 
sufficiently small to enable the resolution of 
marks with a clearance spacing therebetween 

35 of one millimeter. 

3. A register control scanner assembly 
in accordance with claim 1, further compris- 
ing a mounting bar, a carriage movably 
mounted on said bar, and carrying said light 

40 conduit element and said rigidifying arms for 
unitary movement therewith relative to the 
mounting bar, . 

4. A register control scanner assembly in 
accordance with claim 3, with servo drive 

45 means coupled to said carriage for driving 
the same in a lateral direction relative to the 
direction of movement of the web in re- 
storing a register condition between the light 
conduit element and the web. 

50 5. In a register control scanner assembly 
for sensing passage of marks on a web mov- 
ing along a web path wherein light is trans- 
mitted to the path of the marks, and re- 
flected light from the marks is sensed by 

55 electric circuitry to produce electric scanner 
pulses for use in controlling register, a light 
conduit element having individual optical 
fibers randomly distributed between an in- 
coming light bundle and an outgoing light 

60 bundle which are situated at an end of the 
element remote from the web path of the 
marks, said optical fibers at the opposite end 
of the conduit element adjacent the path of 
the marks providing a cross-sectional con- 

65 figuration arranged to essentially match the 



geometry of a linear mark, a mounting bar 
disposed at a fixed location along the web 
path and extending transversely of the web 
path in spaced relation thereto, a carriage 
movably mounted on said mounting bar for 70 
adjustment transversely of the web path and 
having means for adjustably locating the 
carriage at any desired position along said 
mounting bar, said carriage having means 
carrying the end of the light conduit element 75 
remote from the web path and for holding 
such end stationary when the carriage is 
stationary, said light conduit element being 
of bendable and twistable construction so as 
to be bendably and twistably adjustable re- 80 
latitve to said end thereof remote from the 
path of the marks to assume different lateral 
positions and different angular orientations 
and thus to accommodate marks of different 
location and angular orientation while said 85 
end thereof remote from the path of the 
marks remains stationary, and an auxiliary 
rigidifying arm carried by said carriage and 
connected with said opposite end of the 
conduit element adjacent the web path for 90 
stably retaining said opposite end in any of 
said different lateral positions and angular 
orientations during web scanning operation 
thereof. 

6. In a register control scanner assembly 95 
for sensing passage of marks on a web 
wherein light is transmitted to the path of 
the marks, and reflected light from the marks 
is sensed by electric circuitry to produce 
electric scanner pulses for use in controlling 100 
register, a light conduit element having in- 
dividual optical fibers randomly distributed 
between an incoming light bundle and an 
outgoing light bundle which are situated at 
an end of the element remote from the path 105 
of the marks, said optical fibers at the oppo- 
site end of the conduit element adjacent the 
path of the marks providing a cross-sectional 
configuration arranged to essentially match 
the geometry of a linear mark, mounting HO 
means for retaining the end of the element 
remote from the path of the marks stationary 
relative to said mounting means during a 
mark scanning operation, said light conduit 
element being of bendable and twistable con- 115 
struction so as to be bendably and twistably 
adjustable relative to said end thereof re- 
mote from the path of the marks so as to 
accommodate marks of different location 
and angular orientation while said end 120 
thereof remote from the path of the marks 
remains stationary, and auxiliary rigidifying 
means carried by said mounting means and 
connected with said opposite end of the con- 
duit element adjacent the path of the marks 125 
and being laterally and angularly adjustable 
and being operable for stably retaining said 
opposite end in scanning relation to the path 
of the marks during a mark scann i ng opera- 
tion while accommodating lateral and an- 130 



1,507,938 



gular adjustment of such opposite end so 
as to correspond to different lateral positions 
and angular orientations of the marks on 
the web. 

5 7. A register control scanner assembly 
according to claim 6, with said opposite end 
of said light conduit element having a cross- 
sectional configuration defining an optical 
aperture with a relatively large width di- 

10 mension and a relatively small thickness di- 
mension, the thickness dimension being suffi- 
cently small to enable the resolution of 
marks with a clearance spacing therebetween 
of one millimeter. 

15 8. A register control scanner assembly 
in accordance with claim 6, with said 
mounting means comprising a mounting bar, 
and a carrage movably mounted on said bar, 
and carrying said light conduit element and 

20 said rigidifying arms for unitary movement 
therewith relative to the mounting bar. 

9. A register control scanner assembly in 
accordance with claim 8, with servo drive 
means coupled to said carriage for driving 

25 the same in a lateral direction relative to 
the direction of movement of the web in re- 
storing a register condition between the light 
conduit element and the web. 

10. In a web register control system, 
30 means defining a path of web movement, a 

register control scanner assembly mounted 
adjacent the path of web movement and 
operable for sensing passage of marks which 
are at a selected mark position on a web 

35 moving along said path during a work oper- 
ation, a flexible light conduit element having 
a sensing end adjacent the web path and 
having a remote end carried by said scanner 
assembly, said remote end including an in- 

40 coming light path for supplying light to the 
sensing end for impingement on the web and 
an outgoing light path for receiving hgnt 
reflected from marks which are at the 



selected mark position on the web to pro- 
duce scanner pulses for use in controlling 45 
register during such work operation, and 
auxiliary rigidifying means carried by said 
scanner assembly and connected with said 
sensing end of the conduit element adjacent 
the web path for stably retaining said sensing 50 
end in a selected scanning relation to the 
web path during the work operation, said 
rigidifying means having incremental adjust- 
ment means mounting said sensing end for 
incremental adjustment relative to said 55 
scanner assembly for adjustment of the posi- 
tion of said sensing end relative to the re- 
mote end of said flexible light conduit in 
precisely positioning said sensing end for 
scanning relation to a selected mark posi- 60 
tion on the web. 

11. A web control system according to 
claim 10 with said incremental adjustment 
being carried by said auxiliary rigidifying 
means and providing micrometer adjustment 65 
for said sensing end relative to said remote 
end. 

12. A web control system according to 
claim 10, in which servo drive means is 
coupled to said scanner assembly for driving 70 
the same in a lateral direction relative to 
the direction of movement of the web during 
restoration of a register condition of the web. 

13. A register control scanner substan- 
tially as hereinbefore described with refer- 75 
ence to and as illustrated in the accompany- 
ing drawings. 

14. A web control system substantially as 
hereinbefore particularly described with re- 
ference to and as illustrated in the accom- 80 
panying drawings. 

W. P. THOMPSON & CO., 
Coopers Buildings, 
12 Church Street, 
Liverpool LI 3AB. 
Chartered Patent Agents. 
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